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[57] ABSTRACT

An absorbent collection strip has attached thereto a
detection strip impregnated with a reagent to respec-
tively form collection and detection regions of an inte-
gral pad. A dermal surface is wiped with the collection
region to remove a contaminant of interest therefrom
and coliect it on the collection region, which is then
wetted with a solvent which has a selective affinity for
the contaminant. The solvent carries the contaminant or
a reaction product thereof by capillary action through
the collection region to the detection region where it
reacts with the reagent to produce a color change
which indicates the presence of the contaminant. The
collection region may also be impregnated with a sub-
stance for either facilitating removal of the contaminant
from the dermal surface or for cooperation with the
reagent in producing the color reaction. The solvent
may be either inert to the reagent or may cooperate
with it in producing the color reaction. The detection
region may be impregnated with plural reagents at
physically spaced-apart locations, the reagents being
combined by operation of the solvent to produce the
color reaction.

19 Claims, 1 Drawing Sheet
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SYSTEM, DEVICE AND METHOD FOR SKIN
CONTAMINATION DETECTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to techniques for asses-
sing skin exposure to contaminants, such as toxic chemi-
cals or the like.

2. Description of the Prior Art

Skin exposure constitutes an important route of entry
into the human body for a large number of toxic chemi-
cals. Circumstances may exist where absorption
through the skin may equal or exceed the amount of
chemical taken in through inhalation over a given per-
iod of time, such as an eighthour workday. Toxic con-
taminants may either affect the skin itself or have sys-
temic toxicity, the extent of the effect depending upon
the physical and chemical properties of the contami-
nant, the anatomical area of contact, the duration of
contact and inter-personal variability, as well as envi-
ronmental conditions. Various decontamination proce-
dures have been adopted for certain workplace environ-
ments to remove contaminants from the skin, but it is
first necessary to detect the presence of the contaminant
on the skin to determine whether decontamination pro-
cedures are called for.

Methods previously used to assess skin exposure to
toxic chemicals in the workplace include visual exami-
nation of the skin for discoloration or other visible ef-
fects, the use of an absorbent pad placed next to the skin
to collect contaminants during the workday, and testing
of the skin by wiping or washing it to remove and col-
lect contaminant materials therefrom. Visible examina-
tion of the skin may not be effective in many cases
where skin change does not occur until after a consider-
able length of time or after the cumulative effects of a
number of periods of exposure. A major limitation of
prior wiping and absorbent pad collection techniques is
the requirement for laboratory analysis of the skin wipe
or absorbent pad for contamination, which results in
delayed reporting of results and increased costs.

Thus, for example, in U.S. Pat. No. 4,706,676, there is
disclosed a dermal substance collection device for re-
moving substances from the skin for later analysis. Simi-
larly, in U.S. Pat. No. 2,890,797, there is disclosed a
device having a circular region for absorbing a col-
lected material and a contiguous peripheral region to
which the collected material migrates for later testing
by lddmg smtablc solvents or the like to the peripheral
region.

It is also known to provide indicator devices for im-
mediate on-site indication of the presence of a sub-
stance. Thus, for example, U.S. Pat. No. 3,715,192 dis-
closes an indicator strip which has a capillary material
impregnated with the reagents and is confined between
impermeable layers, being open only along its periph-
eral edges for directly absorbing a liquid medium to be
examined for reaction with the impregnated reagents to
give a color change or other indication of the presence
in the liquid of the contaminant of interest. But this
device is useful only with contaminants which are al-
ready in liquid media which can be easily absorbed up
through the very small exposed surface area at the edge
of the indicator strip. Furthermore, dirt or other foreign
material in the liquid medium being tested may interfere
with detection of the contaminant of interest.
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SUMMARY OF THE INVENTION

It is a general object of the present invention to pro-
vide an improved technique for skin contamination
detection, which avoids the disadvantages of prior tech-
mqucs while affording additional structural and operat-
mg advantages

" An important feature of the invention is the provision
of a method for effectively removing a contaminant
from the skin and providing an immediate mdlcatlon of
its presence.

In connection with the foregoing feature, another
feature of the invention is the provision of a method of
the type set forth which effectively filters out the effects
of dirt or other foreign material on the skin which may
interfere with the ability to detect the contaminant of
interest. )

Another feature of the invention is the provision of a
method of the type set forth which is extremely simple
and cost-effective.

In connection with the foregoing features, it is an-
other feature of the invention to provide a system for
performing the method of the type set forth.

In connection with the foregoing features, a further
feature of the invention is the provision of a method and
system of the type set forth which enhances the sensitiv-
ity of the detection by concentrating the contaminant.

Yet another feature of the invention is the provision
of a device usable in the system and method of the
present invention for collecting a contaminant from a
dermal surface and for testing in situ for the presence of
the contaminant.

Certain of these and other features of the invention
are attained by providing a device for the collection of
a contaminant from a dermal surface and detection of
the contaminant, comprising: a pad, the pad having a
collection region of absorbent material for removing
the contaminant from the dermal surface, the pad hav-
ing a detection region integral with the collection re-
gion so as to permit transfer by capillary action from the
collection region to the detection region of an associ-
ated solvent containing the collected contaminant or a
product thereof; and reagent means carried by the de-
tection region and responsive to contact with trans-
ferred contaminant or a product thereof to produce an
indication of the presence of the contaminant.

The invention consists of certain novel features and a
combination of parts hereinafter fully described, illus-
trated in the accompanying drawings, and particularly
pointed out in the appended claims, it being understood
that various changes in the details may be made without
departing from the spirit, or sacrificing any of the ad-
vantages of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of facilitating an understanding of
the invention, there are illustrated in the accompanymg
drawings preferred embodiments thereof, from an in-
spection of which, when considered in connection with
the following description, the invention, its construc-
tion and operation, and many of its advantages should
be readily understood and appreciated.

FIG. 1 is a perspective view of a pad constructed in
accordance with a first embodiment of the present in-
vention;

FIG. 2 is a view similar to FIG. 1, illustrating a pad
in accordance with a second embodiment of the inven-
tion;
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FIG. 3 is a view similar to FIG. 1, illustrating a pad
in accordance with a third embodiment of the inven-
tion;

FIG. 4is a fragmentary, perspective view of a pad in
accordance with a fourth embodiment of the invention;

FIG. 5 is a fragmentary, perspective view of a pad in
accordance with a fifth embodiment of the invention;

FIG. 6 is a view similar to FIG. 5, illustrating a pad
in accordance with a sixth embodiment of the invention;

FIG. 7 is a perspective view illustrating the use of the
pad of FIG 1 in a first step of a method in accordance
with the present invention;

FIG. 8 is a perspective view illustrating the use of the
pad of FIG. 1 in accordance with a second step of the
method of this invention;

FIG. 9 is a perspective view illustrating the use of the
pad of FIG. in a third step of a method of this invention;
and

FIG. 10 is a perspective view illustrating the use of a
strip of FIG. 1 in a fourth step of the method of this
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates a collection and detection pad 10,
constructed in accordance with a first embodiment of
the present invention. The pad 10 is generally rectangu-
lar in shape and includes a relatively large rectangular
collection region 11 at one end thereof and a rectangu-
lar detection region 13 at the other end thereof joined
together at a junction 14. While the pad 10 and each of
the collection and detection regions and 13 have been
illustrated as rectangular in shape, it will be appreciated
that any other desired shapes could be used.

Each of the collection region and the detection re-
gion 13 is formed of an absorbent material, which may
be in the form of a woven fabric and may be composed
of cellulose or synthetic material, such as polypropyl-
ene or the like. Preferably the collection region and the
detection region 13 are formed of the same material, but
they may be formed of different matenials. Each is fabri-
cated so as to facilitate a wicking action whereby a
liquid material may pass by capillary action from one
end of the pad 10 to the other. Preferably, the collection
and detection regions and 13 are, respectively, formed
of separate strips of material which are joined together
along a junction 14 to form an integral pad 10. The
junction 14 may be formed by a heat bonding process,
particularly if the two strips are formed of the same
material. Referring to FIGS. § and 6, there are illus-
trated alternative pads respectively designated 10A and
10B in which the collection and detection strips are
overlapped. In the pad 10A, the strips are joined at a
Jjunction 14A formed by stitching, and in the pad 10B,
the strips are joined at a junction 14B formed by an
adhesive material. The junctions 14A and 14B are par-
ticularly useful where the two strips are formed of dif-
ferent matenials or where a heat bonding process would
be otherwise inappropriate.

The detection region 13 of the pad 10 is impregnated
with a detection reagent 15 over an area indicated by
the broken line in FIG. 1. The reagent 15 is selected to
react with a contaminant of interest or a product thereof
to produce a color change.

In use, the collection region 11 of the pad 10 is wiped
over a dermal area 16, such as the hand 17 in FIG. 7,
which may have been exposed to a contaminant of
interest, thereby to remove the contaminant from the
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dermal area 16 and collect it on the collection region 11
of the pad 10. The collection region 11 carrying the
collected material is then wetted with a suitable solvent
20, such as by immersing the collection region 11 in a
container 22 of the solvent 20, to saturate the collection
region 11, as illustrated in FIGS. 8 and 9. The solvent 20
wicks up along the collection region 11 in the direction
of the arrow 24 in FIG. 9, and into the detection region
13, as indicated by the arrow 25 in FIG. 10. Preferably,
the solvent 20 has a selective affinity for the contami-
nant of interest. Thus, as the solvent 20 is wicked by
capillary action through the collection region 11, it
removes the contaminant of interest from any other
materials, such as dirt or other foreign material which
may have been collected from the dermal area 16, and
carries the contaminant of interest into the detection
region 13. Thus, it will be appreciated that the action of
the solvent 20 serves to filter out foreign materials and
to concentrate the contaminant of interest in the detec-
tion region 13.

As the contaminant of interest is carried into the
detection region 13 by the solvent 20, it reacts with the
reagent 15 to produce & color indication which signifies
the presence of the contaminant. The color change
reaction may be quantitative and/or qualitative. Thus, it
may indicate not only the presence of a particular con-
taminant, but may also indicate, by the intensity of the
color change, the concentration of the contaminant of
interest. In this regard, it will be appreciated that the
sensitivity of the detection is enhanced by the concen-
tration of the contamination of interest in the solvent 20.

Alternatively, the solvent 20 may be selected so as to
react with the contaminant of interest to produce a
reaction product, the solvent 20 then carrying the reac-
tion product into the detection region 13, where the
reaction product in turn reacts with the reagent 15 to
produce the color change detection reaction.

Referring to FIG. 2, there is illustrated an alternative
collection and detection pad 30, which is substantially
the same as the pad 10, except that, instead of the detec-
tion region 13 being impregnated with a single reagent
18, it is impregnated with two different reagents 35 and
36 at two spaced-apart areas of the detection region 13,
each illustrated in broken line. The pad 30 is used in the
same manner as was described above in connection with
the pad 10 of FIG. 1, except that in this case the color
detection reaction necessitates the use of two reagents
35 and 36 which are incompatible, so that they must be
stored in separated impregnated areas of the detection
region 13. In this case the solvent 20, in addition to
carrying the contaminant of interest to the detection
region 13, also serves to bring the two reagents 35 and
36 together to permit the color change reaction to occur
in response to the presence of the contaminant.

Referring to FIG. 3, there is illustrated an alternative
collection and detection pad 40, which is substantially
the same as the pad 10, except that in this case the col-
lection region is also impregnated with a chemical sub-
stance 42 over substantially the entire area thereof, as
indicated in broken line, the substance 42 being selected
to facilitate removal of the contaminant of interest from
the dermal area 16. The chemical substance 42 may be
a suitable solvent which is non-toxic and compatible
with the human skin and which is a good solvent for the
contaminant of interest. Preferably, the chemical sub-
stance 42 will also have a relatively high molecular
weight, preferably above 400, to prevent absorption
through the skin.
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Referring to FIG. 4, there is illustrated an alternative
collection and detection pad 40A, which is substantially
identical to the pad 40, except that the collection region
is impregnated with a chemical substance 42A over
substantially the entire area thereof, as indicated by the
broken line, the chemical substance 42A being selected
to participate in the color change reaction of the rea-
gent 15 in the detection region 13. Thus, for example,
the pad 40A may be used in the same manner as was
described above in connection with the pad 10, except
that the chemical substance 42A, either alone or in
cooperation with the solvent 20, may react with the
contaminant of interest to produce a reaction product
which is then carried by the solvent 20 into the detec-
tion region 13, the reaction product of the contaminant
in turn reacting with the reagent 15 to produce the
color change reaction.

Without further elaboration, it is believed that one
skilled in the art can, using the preceding description,
utilize the present invention to its fullest extent. The
following preferred specific embodiments are, there-
fore, to be construed as merely illustrative, and not
limitative of the remainder of the disclosure.

EXAMPLE 1
Test for Aromatic Amines

A loosely woven polypropylene cloth pad 40 has the
collection region 11 thereof saturated with a 15% solu-
tion of a high molecular weight (600) polyethylene
glycol in methanol. The methanol is evaporated, leav-
ing a slightly greasy loading of glycol on the collection
region 11 of the pad 40, which serves to facilitate re-
moval of aromatic amines from human skin. The detec-
tion region 13 of the pad 40 is impregnated with a solu-
tion of 2.0 gm naphthol AS as a color coupling reagent,
along with 1.5 gm potassium acetate as a buffer and 1.25
gm sodium nitrite in 300 m!. of methanol. The methano}
is evaporated from the detection region 13 to leave a
dry reagent system 15 on the pad 40.

In use, a dermal area 16 is wiped with the collection
region 11 of the pad 40 to remove aromatic amines. The
collection region 11 is then dipped into a container 22
containing a water solution of an acid pH surfactant in
sufficient quantity to saturate the collection region 11,
Any collected aromatic amine is dissolved in the water
solution of acid pH water surfactant, and the solution is
wicked up the pad 40 by capillary action and carries the
dissolved aromatic amine to the detection region 13.
The acid p of the solution activates the stable chemicals
in the detection region 13, causing any aromatic amine
present to diazotize and couple with the naphthol AS to
create a color change. The amount of color formed is in
proportion to the amount of aromatic amine contamina-
tion present.

In modifications of EXAMPLE I, the chemical sub-
stance 42 in the collection region 11 may be other types
of high molecular weight cosmetic grade material, such
as polypropylene glycol or ethoxylated derivatives.
The reagent 15 may incorporate a wide range of cou-
pling reagents other than naphthol AS. Also, other
buffers or nitrite salts such as potassium nitrite could be
used, or solvents such as acidic methanol or acetone.
Alternatively, other reagent systems, such as aromatic
aldehydes or fluorescent reagents may be used for the
detection of aromatic amines.
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EXAMPLE 11
Test for Aromatic Isocyanates

The pad 40 is constructed as explained above for
EXAMPLE 1, except that the solvent 20 in the con-
tainer 22 is hexane. The detection reagent 15 will react
directly with collected aromatic isocyanates when they
reach the detection region !3 to form a colored com-
pound in proportion to the amount of isocyanate pres-
ent. In this example, it will be appreciated that the sol-
vent 20 is inert to the detection chemistry.

In modifications of EXAMPLE II, the solvent 20
may be another organic solvent such as toluene, that is
an effective solvent for the isocyanate but does not
contain an acid or other chemical group that will react
with the isocyanate.

From the foregoing, it can be seen that there has been
provided an improved system, method and device for
effectively collecting and detecting a contaminant of
interest in situ, without the need for laboratory analysis,
while at the same time enhancing the sensitivity of the
detection by filtering out foreign materials and concen-
trating the contaminant in the detection reaction.

I claim:

1. A device for the collection of a contaminant from
a dermal surface and detection of the contaminant, com-
prising: a pad, said pad having a collection region of
absorbent material for removing the contaminant from
the dermal surface, said pad having a detection region
integral with said collection region and disposed in
non-overlapping and non-surrounding relationship
therewith so as to permit transfer by capillary action
from said collection region to said detection region of
an associated solvent containing the contaminant or a
product thereof, said collection region and said detec-
tion region being distinct elements attached to each
other; and reagent means carried by said detection re-
gion and responsive to contact with transferred contam-
inant or a product thereof to product an indication of
the presence of the contaminant.

2. The device of claim 1, wherein each of said collec-
tion region and said detection region is a substantially
flat member having a peripheral edge, each of said re-
gions being attached to the other along only a portion of
the peripheral edge thereof.

3. The device of claim 1, wherein said collection
region and said detection region are formed of the same
material.

4. The device of claim 1, wherein said detection re-
gion is impregnated with said reagent means.

8. The device of claim 1, wherein said reagent means
includes plural reagents respectively disposed at
spacedapart areas of said detection region.

6. The device of claim 1, wherein said collection
region carries a chemical substance.

7. The device of claim 6, wherein said chemical sub-
stance includes a composition to facilitate removal of
the contaminant from the dermal surface.

8. The device of claim 6, wherein said chemical sub-
stance includes a composition to cooperate with said
reagent means in detecting the presence of the contami-
nant.

9. The device of claim 1, wherein said reagent means
includes means reactable with a transferred contami-
nant or a product thereof to effect a color change in said
detection region.
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10. A system for collecting a contaminant from a
dermal surface and detecting the contaminant, compris-
ing: a collection pad of absorbent material for removing
the contaminant from the dermal surface, a detection
pad integral with said collection pad so as to permit
transfer of liquid by capillary action from said collec-
tion pad to said detection pad, a liquid solvent having a
selective affinity for the contaminant such that when
said collection pad is wetted thereby said solvent will
cooperate with said collection pad to transfer the con-
taminant or a product thereof by capillary action to said
detection pad, and reagent means carried by said detec-
tion pad and responsive to contact with a transferred
contaminant or a product thereof to product an indica-
tion of the presence of the contaminant.

11. The system of claim 10, wherein said solvent is
inert to said reagent means.

12. The system of claim 10, wherein said solvent
includes a substance which cooperates with said reagent
means in detecting the presence of the contaminant.

13. The system of claim 12, wherein said substance
includes a composition which reacts with the contami-
nant to produce a product which is in turn reactive with
said reagent means.

14. The system of claim 10, wherein said reagent
means includes a composition which is reactive with the
contaminant itself to produce an indication of the pres-
ence of the contaminant.

15. A method for collecting a contaminant from a
dermal surface and detecting the contaminant, compris-
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ing the steps of: providing a pad having an absorbent
collection region and a detection region carrying a
reagent chemically reactive with the contaminant or a
product thereof to produce an indication of the pres-
ence of the contaminant, wiping the dermal surface
with the collection region of the pad to remove the
contaminant from the dermal surface and coliect it on
the collection region of the pad; wetting the contami-
nant-carrying collection region of the pad with a liquid
solvent having a selective affinity for the contaminant
30 as to transfer the contaminant or a product thereof by
capillary action from the collection region to the detec-
tion region; and observing the chemical reaction in the
detection region between the reagent and the contami-
nant or a product thereof.

16. The method of claim 15, wherein said wetting
step is effected by dipping the contaminant-carrying
collection region of the pad into the liquid solvent.

17. The method of claim 15, and further comprising
the step of producing a reaction between the contami-
nant and the solvent to produce a product which is in
turn reactive with the reagent means.

18. The method of claim 15, wherein the observing
step includes observing a color change in the detection
region.

19. The method of claim 18, wherein the observing
step includes observing the degree of color change to
provide a quantitative indication of the amount of con-

taminant collected.
*® * * [ 3 *
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